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A growing literature on social and economic networks addresses the dominant eect of
networks on various important outcomes such as labor markets, the spread of diseases,
education, and crime. Hence, vast research not only in economics, but also in the other
disciplines has been conducted to understand how the networks emerge and how they evolve
over time. A substantial literature focuses on individual optimization through Nash net-
works, where no agent can make herself better o by deviating from her current strategy,
given the strategies of the other players. A central theme in the literature on network forma-
tion is the con
ict between the set of stable and ecient networks. This paper contributes
to the literature by investigating ecient networks under two classes of models that allow
for heterogeneity. In particular, 2 types for which Nash networks are known. I address the
issue of eciency in the form of maximizing aggregate utility of players in the network.
The seminal papers on network formation are Jackson and Wolinsky (1996) and Bala
and Goyal (2000). Jackson and Wolinsky (1996) provide two sided link formation, where
the cost of forming links is shared by the participants and introduces pairwise stability.
Bala and Goyal (2000) provide a theocratical framework to address network formation in
a non-cooperative setting with homogenous players, where the cost of forming links is on
one side. Bala and Goyal (2000) discuss two dierent types of 
ow. In the two way 
ow
model, the network is undirected, so both players participating in a link access benets from
each other. However, in the one way 
ow model the network is directed; hence, only the
initiating player can access the benet of the link. This paper follows the Bala and Goyal
(2000) framework, where link costs are borne only by the person initiating the link.
Galeotti et al. (2006) relaxes the homogeneity assumption in the two way 
ow model,
so the benets from a link and the cost of sponsoring a link are player dependent. A more
recent paper (Billand et al. 2010) introduces partner heterogeneity in the two way 
ow
model, where the benet and cost of making a link is partner heterogenous, meaning that
it only depends on whom is being accessed in terms of the benets and costs. Although
Nash networks are clearly identied under heterogeneity, not much has been done about
ecient networks under heterogeneity. Galeotti et al. (2006) conclude that Nash and
1ecient networks coincide in many situations; however, I show that this is not always true.
Specically, a general payo function with no restrictions allows us to illustrate situations
where Nash and ecient networks do not coincide.
Galeotti (2006) and Billand et al (2011) extend the one way 
ow model by allowing
benets and costs to be player and partner heterogenous respectively. In a one way 
ow
model, only the node who sponsors a link accesses the benet. This fact yields a wheel type
ecient architecture, that coincides with strict Nash architecture.
I start with a general payo in a two way 
ow model satisfying common assumptions
in the literature. Without imposing any restrictions, ecient networks can have maximal
diameter and it is not possible to characterize the architecture. Once we allow for het-
erogeneity between players, the ecient network architectures depend on four factors: (i)
the value of players, (ii) the number of minimum cost players, (iii) the dierence in cost
between the minimum cost player(s) and the other players and (iv) the functional form of
payos. The rst factor is controlled by a restriction which ensures that all links are prof-
itable. I do not impose any restrictions to control the second factor, since having more than
one minimum cost player does not change the results qualitatively. To deal with the third
factor, I introduce the widely used linearity, strict concavity, and convexity assumptions
on the payos. The fourth factor is accounted for with the restrictions that are already
imposed, but I introduce an additional condition in the two way 
ow player heterogeneity
model.
I provide the architecture, as well as, the diameter to identify the ecient networks. The
architecture provides information about how the ecient networks look, and the diameter
helps to determine the maximum distance between any two players in the network. The
crucial dierence between player and partner heterogeneity models is in the player who
sponsors links changes. Other important dierences are some changes in the architecture
and diameter for a couple of cases studied. Finally, for one way 
ow models, there is
no dierence between player and partner heterogeneity models and the Nash and ecient
architectures coincide.
22 Model Setup
N = f1;:::;ng denotes the set of players. A directed network g = (N;A) is a pair of sets:
the set N of players and the set A  N N of arcs. A(g) denotes the set of arcs of network
g. The undirected counterpart of g,  g, is obtained by ignoring the orientation of arcs of g
and treating links between the same players as a single link.
Each player i chooses a strategy gi = (gi;1;:::;gi;i 1;gi;i+1;:::;gi;n) where gi;j 2 f0;1g
for all j 2 N n fig. The interpretation of gi;j = 1 is that player i forms an arc with player
j 6= i, and the interpretation of gi;j = 0 is that i forms no arc with player j. I assume that
player i cannot form an arc with herself. I only consider pure strategies. Let Gi be the set
of all strategies of player i 2 N. Network relations among players are formally represented
by directed networks whose nodes are identied by the players. I assume that if gi;j = 1,
then ji 2 A(g). An arc ji is shown by an arrow from j to i. Thus, if i chooses to link
with j, the arc will be directed from j to i and it also means that player i bears the cost of
making the link.
For a directed network, g, a path from player k to player j, j 6= k, is a nite sequence
j0;j1;:::;jm of distinct players such that j0 = j, jm = k and gj`;j`+1 = 1 for ` = 0;:::;m 
1. A chain exists between player k and player j, j 6= k by replacing gj`;j`+1 = 1 by
maxfgj`;j`+1;gj`+1;j`g = 1.
Given a network g, I dene a component, D(g), as a set of players such that there is a
chain between any two players who belong to D(g), and there does not exist a chain between
a player in D(g) and a player who does not belong to D(g). A network g is connected if
it contains one component, and is minimally connected if it is not possible to preserve its
connectivity whenever an arc is removed.
A network g is a star if there is a player i such that maxfgi;j;gj;ig = 1 for all j 2 N nfig
and g`;j = 0 for all ` 2 N nfig and j 2 N nfi;`g. The network g is an inward pointing star
or center sponsored star if it is a star and for the center player i, we have gj;i = 0 for all
j 2 N nfig. Let N0  N. The network g is an outward pointing star or periphery sponsored
star if it is a star and for the center player i, we have gi;j = 0 for all j 2 N n fig.
A network in which each group constitutes a star and a single player i of group l forms a
3link with the central player j of group l` where l 6= l`, then it is referred to as an interlinked
star network. If each star is center-sponsored (periphery-sponsored), the network is said to
be an interlinked center-sponsored (periphery-sponsored) star.
Dene Ni(g) = fig [ fj 2 N n fig j there is a chain between i and j in gg as the set of
players who are observed by player i with the convention that player i always \observes"
herself. I assume that player i obtains no additional resources from herself by forming arcs.
However, player i can obtain her own resources even if she forms no arcs and there is no
network.
I will now dene two classes of models that assumes the benet and cost of a link
can be dierent among players. Precisely, in the player heterogeneity model proposed by
(Galeotti et al. 2006), each player i obtains Vi > 0 from each player j 2 Ni(g) n fig, and
incurs a cost ci > 0 when she forms a link with player j 6= i. In the partner heterogeneity
model introduced by (Billand et al. 2009), each player i obtains Vj > 0 from each player
j 2 Ni(g) n fig, and incurs a cost cj > 0 when she forms a link with player j 6= i.
Another class of models considers the direction of information 
ow. In the two way

ow model, both players sharing a link access each other; hence, the information 
ow
is undirected. On the other hand, the one way 
ow model assumes that the network is
directed; therefore, only the sponsor of a link can access benets.
Let  : R2
+ ! R be such that (x;y) is strictly increasing in x and strictly decreasing












Given the properties of the function , the rst term can be interpreted as the \benets"
that agent i receives from her links, while the second term measures the \costs" associated
with forming them. Observe that this is the model proposed by Bala and Goyal (2000).
In the player heterogeneity model, Vi replaces V and ci replaces c while in the partner
heterogeneity model, Vj replaces V and cj replaces c in the payo function.
Given a network g, the aggregate payo is stated as follows: W(g) =
Pn
i=1 i(V;c). A
network is said to be ecient if W(g)  W(g
0
) for any g
0




3 Player Heterogeneity Model
3.1 General Payo Function
Let  : RN
+ ! R such that (x;y) is strictly increasing in x and strictly decreasing in y.












Lemma 1: Suppose the payo function is given by (1) and (x + 1;y + 1)  (x;y), for
all x 2 f0;1;:::;n   1g and y 2 f0;1;:::;n   1g. Then, any ecient network, g is minimally
connected.
Proof: (x + 1;y + 1)  (x;y) for all x 2 f0;1;:::;n   1g and y 2 f0;1;:::;n   1g implies
that making links to every additional unobserved player provides a net payo. Therefore,
in the ecient network, there will be no singletons. To maximize the aggregate payo,
redundant links are eliminated. Hence, the ecient networks are minimally connected.
Note that Lemma 1 does not directly impose a condition on the functional form and holds
for both player and partner heterogeneity models. It says that values and costs vary such
that every link is protable, which implies that ecient networks have one component. Even
though this assumption leads to analyzing only connected networks, it makes it possible
to identify and characterize the ecient network structure. Throughout the paper, I will
generally assume that Lemma 1 holds.
Ecient networks are expected to have a very low diameter and exhibit very high
centrality. However, once the values and costs are allowed to be player (partner) specic, the
ecient networks can have more decentralized architectures. The next proposition indicates
that when values and costs are allowed to vary freely, it is possible to have decentralized
architectures and even maximal diameter.
5Proposition 1: Suppose the payo function is given by (2) and satises Lemma 1. There
exists parameter values Vi and ci such that the ecient network, g, has maximum diameter
of (n   1).
Formal proof is omitted. To illustrate an ecient network which has maximal diameter,
I provide the following example which utilizes an additively separable form, where the
benets and costs can be expressed as separate terms.1








Suppose there is one minimum cost player represented by L and 3 high cost players repre-
sented by H. Let cL and cH be 2 and 3 respectively. Assume that all players have the same
Vi = V = 100.2 Note that Lemma 1 holds for these parameter values. Now suppose that
all links are sponsored by L, which can be represented by an inward pointing star. For this




i i(g) =  16+320 = 44.
Compare this with the ecient network g, where each player sponsors a single link except
one H type player. For this case, L = 16 and H = 20 for the H type player who did
not sponsor any link and H = 11 for the ones who sponsored a single link. This yields
W(g) = 58. This example shows that the diameter can be as high as (n   1) depending
on the payo function. Due to general payo function specication, we cannot ensure that
all the links will be sponsored by the minimum cost player in the ecient network. After
sponsoring a single link, the marginal cost of sponsoring another link to the minimum cost
player is 16 4 = 12. However, the marginal cost of sponsoring a single link for a high cost
player is 32 = 9.
The above example provides the intuition to determine the factors that aect the ar-
chitecture of the ecient networks. Without a restriction on the payo specication, it is
1I consider an additively separable form which has economic interpretation and easy to construct. The
below function satises the assumptions of being strictly increasing in value and strictly decreasing in cost.
In addition, it exhibits strict concavity in values and strict convexity in cost.
2For simplicity I introduce two types of players represented by L and H. However, it is possible to have
any heterogeneity between players in values and costs.
6not possible to characterize the ecient networks. Therefore, I impose restrictions on the
payo function. I consider the following cases: linear, strictly concave and convex payos
in cost.
3.2 Linear Payos








where 8i;j 2 N.
Proposition 2: Suppose the payo function is given by (3) and
P
i2N Vi  c where c =
argmini2Nfcig. If g is an ecient network, then it is minimally connected and 2  D(g) 
2s[ci0]. Moreover, the ecient network is a center sponsored star or a center sponsored
interlinked star.
Proof: I start with proving the diameter and the architecture follows. It is clear that if g is
an ecient network and
P
i2N Vi  c then g is minimally connected. If n  3, it follows that
D(g)  2. Moreover, if a player i 2 N forms a link with player k, then i 2 argminj2Nfcjg,
otherwise it is possible to replace the link i;k by a link j;k where j 2 argminj2Nfcjg to
obtain a higher total utility. I now show that it is not possible to have an ecient network
g with D(g) > 2s[ci0]. To introduce a contradiction, assume that g is an ecient network
such that D(g) > 2s[ci0]. Then, there exists a chain Ci;k between two players say i and k
such that `(Ci;k) > 2s[ci0]. In other words, there are more than 2s[ci0] links between i and
k. It follows that at least one link has been formed by j = 2 S[ci0], a contradiction. Star or
interlinked star architecture occurs since the high cost players will be gathered around the
minimum cost player(s).
Observe that if there is a single minimum cost player, then the ecient network is
a center sponsored star. If there is more than one minimal cost players, then the star
architecture is still ecient. However, the center sponsored interlinked star, where the links
are sponsored by the minimum cost players is also ecient. Figure 1 illustrates the possible





























L  L 





























L  L 














L  H  L 
H 
H 
H  H  L  H 
H 
H 
(c) Interlinked Star II
Figure 1: Examples of Ecient Networks
A linear payo specication is the simplest case and it is possible to identify the diameter
and architecture of the ecient network without Lemma 1.4
3.3 Strictly Concave and Convex Payos in Cost
With a linear payo function, it is possible to determine the diameter and architecture
without any strong restrictions. However, the interpretation of the model is limited. Strict
concavity or convexity specications are widely used in the literature to address this limi-
3In the below gures, L represents minimum cost players and H represents high cost players. H type
players can have any cost c + i where  > 0.
4Assuming Lemma 1 yields the same result, however note that Lemma 1 is stronger than assuming P
i2N Vi  c where c = argmini2Nfcig.
8tation. I dene strictly concave and convex payo functions5 in terms of the cost argument
in the following way:
Denition 1: Suppose c1;c2 2 (0;
P
i2N ci);c1 < c2  2 (0;c1]. If (v;c1) (v;c1  ) >
(v;c2)   (v;c2   ) then the payo function is strictly concave in the cost argument.
Denition 2: Suppose c1;c2 2 (0;
P
i2N ci);c1 < c2  2 (0;c1]. If (v;c1) (v;c1  ) <
(v;c2)   (v;c2   ) then the payo function is strictly convex in the cost argument.
Proposition 3: Suppose the payo function is given by (2), C(g) satises strict concavity
in cost and Lemma 1. If g is an ecient network, then it is minimally connected and the
unique ecient architecture is a center sponsored star.
Proof: It is clear that if g is an ecient network and
P
i2N Vi  ci then Lemma 1 implies
that g is minimally connected. Since n  3, it follows that D(g)  2. Moreover, if a player
i 2 N forms a link with player k, then i 2 argminj2Ncj. Otherwise, it is possible to replace
the link i;k by a link j;k where j 2 argminj2Ncj to obtain a higher total utility. From
the property of strictly concave functions, (V;(k   1)ci) < (k   1)(V;ci). Therefore, to
maximize total utility, all the links must be sponsored by a single minimum cost player.
Since all the links are sponsored by a single minimum cost player, star is the only possible
ecient architecture.
Note that under the strict concavity case, the number of minimum cost players does not
play a role, the unique ecient network is a center sponsored star. For the convexity case,
I will impose an additional condition to characterize the ecient network.
Condition 1: Let c = argmincfj2ng. Suppose C(g) satises C(k c)  C((k  1)c) <
C(k  ci) 8ci 6= c and k = 1;2;:::;n.
Note that this condition is not on the functional form of the payos. It can easily be
shown through modifying Example 1 that the diameter can be as high as (n 1) when the
5An important fact to mention is that all the concave (convex) functions are subadditive (superadditive);
however, the reverse is not true. The subadditivity (superadditivity) property implies that the marginal cost
of adding links for a minimum cost player decreases (increases) as the number of links sponsored increases.
These properties enable us to track the marginal cost of sponsoring links and simplify the identication of
ecient networks.
9payo function is strictly convex in cost. Condition 1 eliminates cases where the marginal
cost of sponsoring a link for a high cost player is less than the marginal cost of sponsoring a
link for a minimum cost player. Once Condition 1 is satised, all the links will be sponsored
by the minimum cost player(s).
Proposition 4: Suppose the payo function is given by (2). Also suppose  satises the
convexity in the cost argument, Lemma 1 and Condition 1. If g is an ecient network,
then it is minimally connected and 2  D(g)  2s[ci0]. The ecient network is a center
sponsored star for s[ci0] = 1 and an interlinked star for s[ci0>1].
Proof: It is clear that if g is an ecient network and
P
i2N Vi  ci then g is minimally
connected. Since n  3, it follows that D(g)  2. Condition 1 ensures that even though
C(g) is strictly convex, to maximize total utility the minimum cost player still sponsors the
links. That is, if a player i 2 N forms a link with player k, then i 2 argminj2Ncj, otherwise
it is possible to replace the link i;k by a link j;k where j 2 argminj2Ncj. Condition 1
ensures that all the links will be sponsored by the minimum cost players. I obtain the
interlinked star type architecture where a high cost player can stay in the center as a bridge
player without sponsoring any links.
Note that if there is more than one minimum cost players in g, then a center sponsored
interlinked star is the ecient architecture as opposed to the star architecture. The intuition
for this case is that it becomes inecient for a single minimum cost player to sponsor all
the links since the payo is strictly convex in cost.
The ecient networks in two way 
ow and player heterogeneity models generally ex-
hibit high centrality and low diameter. Introducing the player heterogeneity increases the
possibilities of ecient networks. Compared to Bala and Goyal (2000), in addition to the
star architecture, interlinked stars can also be ecient, which occurs in linear specication
and strictly convex in cost cases. Assuming strict convexity requires an additional condition
that ensures all links are sponsored by the minimum cost player(s).
104 Partner Heterogeneity Model
In the partner heterogeneity model (Billand et al. 2011), benets and costs vary according
to whom is being accessed. With this type of heterogeneity, the set of strict Nash networks
substantially increase and new architectures arise. In this section, I analyze the ecient
architectures.
Let  : R2
+ ! R such that (x;y) is strictly increasing in x and strictly decreasing in y.












Remark 1 Partner Heterogeneity with General Payos: As in the player heterogeneity case
when the values and costs vary freely, it is possible to have an ecient network, g which
has maximal diameter equal to (n 1). This can easily be shown by modifying Example 1,
where Vj replaces Vi and cj replaces ci.
Therefore, I impose additional restrictions on the payos as in the player heterogeneity
model. As before, I consider the linear payos, strictly concave, and convex payos in cost
cases.
Remark 2 Partner Heterogeneity with Linear Payos: To have partner heterogeneity, Vj
replaces Vi and cj replaces ci in (2). The diameter and ecient architecture for this case
is essentially the same as the player heterogeneity with linear payos. The main dierence
between the player and partner heterogeneity model is who sponsors the links. In the
player heterogeneity case, the minimal cost player sponsors the links. However, in the
partner heterogeneity case, the links are sponsored by non-minimal cost players. Therefore,
the ecient network has periphery sponsored architecture for the partner heterogeneity
case.
Remark 3 Partner Heterogeneity with Strictly Concave Payos in Cost: 2  D(g)  4.
The diameter and the architecture can be dierent from the player heterogeneity case. If
the marginal cost of adding links for a high cost player becomes very little after sponsoring
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Figure 2: Core and Periphery
links with the minimum cost players, the ecient network can have a center sponsored star
architecture. However, if the marginal cost of adding links for a high cost player does not
decrease enough, it is possible that there is a core in the center where a high cost player
sponsor links to the minimum cost players, and then other high cost players sponsor a link
with the minimum cost players and form a periphery around the core. This architecture
can be called mixed star and the diameter in that case can be at most 4. Figure 2 illustrates
the possible architecture with diameter of 4.
Remark 4 Partner Heterogeneity with Strictly Convex Payos in Cost. For this case,
2  D(g)  1+s[ci0]. Note that this architecture is dierent from the player heterogeneity.
In player heterogeneity, a non-minimal cost player can serve as a bridge player as seen
in Figure 1. However, in the partner heterogeneity, ecient network does not have such
architecture. Observe that to have a bridge the player in player heterogeneity model is not
sponsoring any links. These links are sponsored by the minimal cost players around the
bridge player. However, such a bridge player in the partner heterogeneity model requires
sponsoring two links for that player, which is not ecient when payo is strictly convex
cost.
5 One Way Flow Models
In this section, I identify the ecient networks in the one way 
ow models. In the one
way 
ow model, only the player who sponsors the link accesses the benet of the link. I
consider Galeotti (2006) and Billand et al. (2009) models, which are extensions of Bala
and Goyal (2000). Both of these papers establish strict Nash networks; however, they give
12little information about the ecient networks.6 The next proposition identies the ecient
network for player heterogenous one way 
ow model, which is an adaption from Bala and
Goyal (2000).
Let  : R2
+ ! R such that (x;y) is strictly increasing in x and strictly decreasing in y.












Proposition 5: Suppose the payo function is given by (5) and Lemma 1 is satised. If
(
Pn
i=1 Vi;ci) > (Vi;0) for all i = f1;:::;ng then the unique ecient architecture is a
wheel. If (
Pn
i=1 Vi;ci) < (Vi;0) for all i = f1;:::;ng then the empty network is ecient.
Proof: I will rst consider the connected case. Let   be the set of values (B(g);C(g)).
If C(g) = 0, then B(g) = Vi, while if C(g) 2 f1;:::;n   1g, then C(g) 2 Vi;
Pn
i=1 Vi.





i Vi;y)  (x;y) since  is increasing in benets and decreasing in costs. For the
wheel network gw, Bi(gw) =
Pn
i Vi and Ci(gw) = ci. For any other network g 6= gw for
each i 2 N, if Ci(g)  ci, then Bi(g) 
Pn
i , while if Ci(g) = 0, then Vi(g) = Vi since the
player observes herself. In either case, i(gw) = (
Pn
i=1 Vi;ci)  (Bi(g);Ci(g)) = i(g),
(
Pn






i2n i(Bi(g);Ci(g)) = W(g) as well. Therefore, gw is an ecient architecture. To show
uniqueness, note that the assumptions on  imply that W(gw > W(g) if Ci(g) 6= ci or if
Bi(g) < n. Let g 6= gw be given; if Ci(g) 6= 1 for even one i, then W(gw) > W(g). On the
other hand, suppose Ci(g) = 1 for all i 2 N. As the wheel is the only connected network
with n agents, and g 6= gw, there must be an agent j such that Bj(g) 
Pn
j=1 Vj. Thus,
W(gw) > W(g), proving uniqueness.
In a wheel architecture, sponsoring a single link allows all the agents to access each
other. Note that the order of players or having more than one minimum cost player does
not have any eect on the ecient architecture.
6Galeotti (2004) working paper discusses the ecient architecture and compares it with Nash networks
very brie
y.
13Remark 5 Partner Heterogeneity in one way 
ow model: For this case only the condition
to have a connected ecient architecture changes. If (
Pn
i=1 Vj;cj) > (Vj;0) for all
i = 1;:::;n then the unique ecient architecture is a wheel. If (
Pn
i=1 Vi;ci) < (Vi;0)
for all i = 1;:::;n then the empty network is ecient. Note that the partner heterogeneity
setting yields the same result as the player heterogeneity model. Again, by sponsoring a
single link and incurring the cost cj, each player can access all players in the network.
6 Discussion and Conclusion
This paper identies the ecient networks in the player and partner heterogeneity models
with various functional forms. With a two way 
ow of information, I nd that payo
function specication, the dierences in cost between minimum cost player(s) and the other
players and the number of minimum cost players play a crucial role in determining the
architecture of the ecient networks. I deal with the rst two determinants by imposing
additional restrictions if necessary. Note that having more than one minimum cost players
introduces some symmetries and additional ecient network architectures. However, the
ecient network architectures in the case of having more minimum cost players can still be
identied without imposing any restrictions unlike the other two determinants.
There are some notable dierences between the ecient architectures under the player
and partner heterogeneity models. The rst dierence is in the player heterogeneity model
minimum cost player(s) sponsor all the links. However, in partner heterogeneity a high cost
player can also sponsor some links. In the homogenous model discussed by Bala and Goyal
(2000), ecient networks have star architecture. However, when we allow for heterogeneity
in values and costs, a rather decentralized ecient architecture in the form of interlinked
stars occurs in linear and strictly convex payos in cost.
In the one way 
ow model, the architecture of the ecient network with player and
partner heterogeneity is identical. The only connected ecient architecture is a wheel for
these cases, where each agent can access to all other agents by sponsoring a single link. I
conclude that strict Nash networks in one way 
ow model discussed by Galleotti (2006) and
Billand et al. (2011) are also ecient.
14Galeotti et al. (2006) concludes that Nash and ecient networks coincide in many
instances. This holds true for one way 
ow of information and some cases in two way 
ow
of information. However, I show that in two way 
ow of information this result is not robust
when payo function exhibits strict convexity in cost. Also, with the linear specication
ecient networks can also be interlinked stars while only star type architectures are Nash
networks. Note that not all of the payo function specications are comparable in terms of
Nash and ecient networks since I impose additional requirements to identify link formation
in some cases.
7 References
[1] Bala, V., Goyal, S., 2000a. A non-cooperative model of network formation. Econo-
metrica 68, 1181-1229.
[2] Bala, V., Goyal, S., 2000b. A strategic analysis of network reliability. Rev. Econ.
Design 5, 205-228.
[3] Billand, P., Bravard, C. and Sarangi, S., 2010. Strict Nash networks and partner
heterogeneity. forthcoming in Int. J. Game Theory.
[4] Billand, P., Bravard, C. and S. Sarangi , 2011. Partner heterogeneity in the one way

ow model.
[5] Galeotti, A., 2004. One way 
ow networks: The role of heterogeneity. Tinbergen
Institute Discussion Paper No. 2004-031/1.
[6] Galeotti, A., 2006 One way 
ow networks: The role of heterogeneity (2006). Eco-
nomic Theory 29, 163-179
[7] Galeotti A, Goyal S, Kamphorst J., 2006. Network formation with heterogeneous
players. Games Econ Behav 54, 353-372.
[8] Jackson, M., Wolinsky, A., 1996. A strategic model of social and economic networks.
J. Econ. Theory 71, 44-74.
15